Background {#Sec1}
==========

During the last few decades, the prevalence of (severe) obesity in children and adolescents has been rising worldwide \[[@CR1]--[@CR5]\]. In the Netherlands, the upward trend of severe childhood obesity resulted in a seven-fold increase in the prevalence between 1980 and 2010. It was estimated that in 2010 the prevalence was 0.56 % (which corresponds to approximately 18 500 children and adolescents in the country) \[[@CR6]\].

Childhood obesity increases the risk of cardiometabolic risk factors such as hyperlipidemia, hypertension and diabetes mellitus type 2, as well as respiratory and musculoskeletal conditions and liver abnormalities \[[@CR7], [@CR8]\]. Previous studies have shown that 62-80 % of severely obese children and adolescents have at least one cardiometabolic risk factor in addition to being severely obese \[[@CR9], [@CR10]\]. Moreover, (severe) obesity has a negative impact on psychosocial health \[[@CR11]--[@CR14]\]. Severely obese children reported to have a similar quality of life as children diagnosed with cancer \[[@CR15]\]. Furthermore, there is a high probability that childhood obesity tracks into adulthood leading to health problems later in life \[[@CR16], [@CR17]\].

Research shows that obesity treatment should incorporate a combination of changes in diet and physical activity, and needs to be family-based \[[@CR18]--[@CR22]\]. Several studies have shown that obesity treatment can lead to weight loss in obese children and adolescents, and that this may reduce the serious immediate and long-term burden on physical and psychosocial health for these obese individuals and society as a whole \[[@CR23]--[@CR25]\]. Research in severely obese children and adolescents is relatively rare; most studies included children with lesser degrees of obesity. Evidence suggests that ambulatory obesity treatment for severely obese children and adolescents is insufficiently effective in the long-term and that more intensive treatment in specialized centers is needed \[[@CR22], [@CR26]--[@CR28]\].

Currently the treatment center "Heideheuvel" is the only specialized childhood obesity center in the Netherlands that offers treatment for severely obese children and adolescents. Their intensive one-year lifestyle treatment was modeled after the treatment programme developed by Braet et al. \[[@CR29]\] and originally included a six-month inpatient period. This treatment proved to be more effective in improving SDS-BMI and cardiometabolic risk factors than ambulatory obesity treatment \[[@CR30]\]. However, an inpatient period of six months is expensive and poses a considerable burden on both the participants and their families. Therefore, a modified treatment was developed with a two-month inpatient period \[[@CR31]\]. The aim of this study was to evaluate the effectiveness of two intensive one-year lifestyle treatments with varying inpatient periods (i.e. two months vs. six months) for severely obese children and adolescents with regard to SDS-BMI and cardiometabolic risk factors such as SDS-waist circumference, systolic- and diastolic blood pressure, and blood measurements directly after treatment.

Methods {#Sec2}
=======

Study design and population {#Sec3}
---------------------------

This study was designed as a randomized controlled trial with two active treatment groups receiving a one-year treatment programme which included a two months inpatient part in one group and six months inpatient part in the other group. There was also a waiting list controlgroup. This paper reports on the effectiveness of the two treatments directly after one year of treatment. The Medical Ethics Committee of the VU University Medical Center (Amsterdam, the Netherlands) approved the study protocol. Prior to randomization, written informed consent was obtained from both the participants and their parents/caregivers. Details of the study have been described elsewhere \[[@CR31]\].

The study population consisted of 80 participants (8--19 years) with severe obesity. All participants were referred to a specialized childhood obesity center by their local pediatrician after insufficient response to ambulatory obesity treatment. Severe obesity was defined as a SDS-BMI ≥ 3.0 (99.9th age- and sex-specific percentile of BMI in the fourth Dutch nationwide growth study of 1997), or a SDS-BMI ≥ 2.3 (99th age- and sex-specific percentile of BMI in the fourth Dutch nationwide growth study of 1997) in combination with obesity-related comorbidity. Participants were excluded from the study if they had syndromal or chromosomal determined obesity; obesity caused by endocrine abnormalities or medicine use; psychiatric problems; an IQ below 75 or if their parents/caregivers were not willing or able to participate in the treatment and/or study \[[@CR31]\].

Intervention conditions {#Sec4}
-----------------------

Both groups received an intensive one-year lifestyle treatment with either an inpatient period of two months (short-stay group) or six months (long-stay group). During weekdays, the short-stay group participated in a two-month inpatient treatment, followed by biweekly return visits of two days during the next four months, then followed by six monthly return visits of two days. The long-stay group participated in a six-month inpatient treatment during weekdays, followed by six monthly return visits of two days. The treatment focused on nutrition, physical activity and behavior change and required active participation of the parents/caregivers. Treatment was delivered at a specialized childhood obesity center, Heideheuvel, in the Netherlands. A more detailed description of the content, frequency and intensity of the treatment can be found elsewhere \[[@CR31]\].

Randomization and blinding {#Sec5}
--------------------------

The primary researcher, who was not blinded to treatment allocation, randomized all participants to the short-stay (40 participants) and long-stay group (40 participants) using a table of random numbers \[[@CR32], [@CR33]\]. Because it was logistically not possible to provide treatment to all participants at the same time, a group of 20 participants was randomized to a one-year waiting-list group, after which they were randomly allocated to one of the treatment groups. Four participants dropped out of the study while being in the waiting-list group, leading to a waiting-list group of 16 participants. Four additional participants were recruited to replace the four participants who dropped out of the study to ensure a study population of 80 participants.

Because of the nature of the treatment, participants, their parents/caregivers and healthcare professionals could not be blinded to the treatment.

Measurements {#Sec6}
------------

Demographic characteristics included ethnicity, educational level, socio economic status (SES) and household situation \[[@CR31]\].

Outcome measures were collected at baseline and six and 12 months of follow-up. SDS-BMI was the primary outcome in this study and cardiometabolic risk factors (i.e. SDS-waist circumference, systolic- and diastolic blood pressure, and blood measurements) the secondary outcomes.

BMI was calculated as weight/height^2^ (kg/m^2^). The degree of overweight was quantified using Cole\'s least mean square method, which normalizes the BMI\'s skewed distribution and expresses BMI as SDS-BMI \[[@CR34]\]. SDS-BMI was calculated with the Growth Analyser \[[@CR35]\] using the fourth Dutch nationwide growth study of 1997 as reference.

Waist circumference was measured with a tape measure with an accuracy of 1 mm. SDS- waist circumference was calculated with the Growth Analyser \[[@CR35]\] using the fourth Dutch nationwide growth study of 1997 as reference.

Blood pressure was measured three times in sitting position after sitting still for at least 5 min. For the analyses, the averages of the three systolic blood pressure and diastolic blood pressure readings were used.

Blood measurements included fasting insulin, 2h-insulin, fasting glucose, 2h-glucose, HDL-cholesterol, triglycerides and homeostasis model assessment for insulin resistance (HOMA-IR) after an overnight fast \[[@CR36]\].

Statistical analyses {#Sec7}
--------------------

The sample size was calculated to detect a 0.5 SDS-BMI difference between the two groups after one year of treatment which is considered a clinically meaningful effect size \[[@CR37]\]. Based on a Power of 80 % and a two-tailed significance level of 5 %, two groups of 40 participants were needed \[[@CR31]\].

Analyses were performed according to the intention-to-treat principle. Baseline characteristics were compared between the two treatment groups. Independent Student's t-tests were used for continuous variables and Chi-square tests for categorical variables using IBM SPSS Statistics for Windows, Version 21 (SPSS 21) \[[@CR38]\]. Statistical significance was set at a two-sided *P*-value \< 0.05.

To evaluate differences in the course of the primary- and secondary outcomes over time between the two treatment groups, Generalized Estimating Equations (GEE) were performed \[[@CR39]\]. GEE were used to adjust for the correlation between repeated measures obtained in the same participant. In all models, an exchangeable correlation structure was specified and adjustment for baseline values was applied to assess the actual effects of treatment on the primary- and secondary outcomes independent of differences in baseline values \[[@CR39]\]. To evaluate the effects of the two treatment groups at different time points specifically (i.e. between baseline and six months follow-up and between six- and 12 months follow-up, respectively), time was treated as a categorical variable according to the common approach described earlier by Fitzmaurice et al. \[[@CR40]\].

For each outcome, two types of analyses were performed: 1) crude analyses which were only adjusted for baseline values and 2) analyses which were adjusted for baseline values and additional covariates.

Covariates were selected by first assessing them using a forward approach and were considered relevant when the treatment effect changed with 10 % or more after inclusion of the covariate \[[@CR41]\]. All covariates were also tested for possible effect modification and if the interaction term was statistically significant (i.e. a *P*-value ≤ 0.05), stratified models were presented.

Additional analyses {#Sec8}
-------------------

To evaluate the effectiveness of the two treatments in comparison with the waiting-list group in the course of the primary- and secondary outcomes over time, GEE were performed as well \[[@CR39]\].

In the per protocol analysis, only participants who took part in at least 75 % of the treatment sessions were included. In the complete case analysis, only participants with complete follow-up on the primary outcome SDS-BMI (baseline, six and 12 months) were included. In both the per protocol and complete case analyses, the primary- and secondary outcomes over time were evaluated with GEE.

Results {#Sec9}
=======

Participants {#Sec10}
------------

In total, 169 participants were referred to Heideheuvel by their local pediatrician after insufficient response to ambulatory obesity treatment. Of them, 89 were excluded based on either a decision made by the staff of Heideheuvel (*N* = 46) or by the family (*N* = 43). This left 80 participants to be included in the study (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Flow-diagram of participants. A one-year waiting-list group of 20 participants was involved. Four participants dropped out of the study while being in the waiting-list group, leading to a waiting-list group of 16 participants

At baseline, no relevant differences were found between the two treatment groups (Table [1](#Tab1){ref-type="table"}). Sixty-eight participants (85 %) completed the treatment programme. Of these 68 participants, 61 participants (76 %) took part in at least 75 % of the treatment sessions and were considered as per protocol participants. Complete follow-up on the primary outcome SDS-BMI was obtained from 37 short-stay and 30 long-stay group participants (84 %). Per protocol and not per protocol participants, and participants with and without complete follow-up did not differ from each other with regard to baseline characteristics.Table 1Baseline characteristics of the study populationTotalShort-stay groupLong-stay group*N* = 80*N* = 40*N* = 40Age (years) \[mean (SD)\]14.8 (2.3)14.5 (2.4)15.0 (2.2)Female \[n (%)\]53 (66.3)28 (70.0)25 (62.5)Ethnicities \[% of total\] Western61.569.253.8 Non-Western38.530.846.2Educational level of the parents/caregivers \[% of total\]^a^ Low38.738.538.9 Medium/intermediate42.743.641.7 High18.717.919.4SES \[% of total\] Below average65.859.571.8 Above average34.240.528.2Household situation \[% of total\] Married/living together55.062.547.5 Divorced33.832.535.0 One parent family(mother)7.52.512.5 Other situation3.82.55.0SDS-BMI \[mean (SD)\]3.4 (0.39)3.4 (0.39)3.4 (0.39)The short-stay group participated in a two-month intensive inpatient treatment during weekdays, followed by biweekly return visits of 2 days during the next 4 months, then followed by six monthly return visits of 2 days. The long-stay group participated in a six-month intensive inpatient treatment during weekdays, followed by six monthly return visits of 2 days*Abbreviations*: *SD* standard deviation, *SDS-BMI* standard deviation of body mass index, *SES* socio economic status^a^Educational level was classified according to the definition of Statistics Netherlands ([http://www.cbs.nl](http://www.cbs.nl/))

Intention-to-treat analyses {#Sec11}
---------------------------

### Primary outcome {#Sec12}

Mean (SD) SDS-BMI was 3.4 (0.4) in both treatment groups at the start of the treatment. The course of SDS-BMI over time is graphically presented in Fig. [2](#Fig2){ref-type="fig"}. SDS-BMI decreased statistically significantly in the first six months in both groups. Participants were on average able to maintain this weight-loss during the second half year of treatment. SDS-BMI after 12 months of treatment was statistically significantly lower compared with baseline (mean difference (SD) 0.33 (0.48) in the short-stay and 0.52 (0.49) in the long-stay group). This decrease in SDS-BMI corresponds to an average (SD) weight-loss of 8.1 (14.3) kg in the short-stay and 12.6 (13.6) kg in the long-stay group.Fig. 2SDS-BMI for the short-stay and long-stay and waiting-list group during 12 months of follow-up according to the intention-to-treat principle. Error Bars indicate SE

Table [2](#Tab2){ref-type="table"} shows the crude and adjusted results of the GEE. Sex, ethnicity and socio economic status were included as covariates in the adjusted analyses. After six months of treatment, SDS-BMI of participants in the short-stay group was higher compared with the long-stay group (adjusted models β = 0.23, 95 % CI 0.09; 0.36). However, after one year of treatment, there was no statistically significant difference in SDS-BMI any more between the two treatment groups (adjusted models β = 0.15, 95 % CI −0.06; 0.35).Table 2Effects on outcomes after six and 12 months of follow-up for both treatment groups according to the intention-to-treat principleShort-stayLong-stayCrudeAdjustedMean (SD)Mean (SD)Beta (95 % CI)Beta (95 % CI)Primary outcome measureSDS-BMI Baseline3.4 (0.4)3.4 (0.4) 6-months3.1 (0.5)2.9 (0.6)**0.22 (0.09; 0.35)0.23 (0.09; 0.36)** 12-months3.1 (0.6)2.9 (0.7)0.18 (−0.03; 0.40)0.18 (−0.04; 0.40) Overall effect^a^0.10 (−0.11; 0.31)0.15 (−0.06; 0.35)Secondary outcomesSDS-waist circumference Baseline3.2 (0.4)3.1 (0.4) 6-months2.7 (0.5)2.5 (0.5)0.13 (−0.03; 0.30)0.12 (−0.05; 0.30) 12-months2.7 (0.7)2.5 (0.7)0.08 (−0.18; 0.34)0.02 (−0.23; 0.27) Overall effect^a^0.14 (−0.07; 0.35)0.15 (−0.07; 0.37)Systolic blood pressure (mmHg) Baseline122.7 (12.3)121.1 (13.4) 6-months117.1 (13.9)116.7 (13.4)−0.63 (−4.73; 3.48)0.17 (−3.98; 4.33) 12-months118.4 (11.2)120.0 (15.3)−2.84 (−7.27; 1.60)−2.25 (−6.95; 2.45) Overall effect^a^0.59 (−4.65; 5.82)0.44 (−4.86; 5.75)Diastolic blood pressure (mmHg) Baseline75.7 (9.9)78.0 (12.3) 6-months68.5 (7.9)68.3 (11.2)1.49 (−2.04; 5.02)0.47 (−3.17; 4.11) 12-months68.6 (8.1)67.1 (12.0)3.02 (−0.72; 6.76)2.35 (−1.64; 6.34) Overall effect^a^−0.42 (−4.40, 3.56)−1.21 (−5.21, 2.80)Fasting insulin (μU/L) Baseline13.8 (9.3)14.6 (9,5) 6-months11.9 (9.3)12.9 (10.8)−0.98 (−4.50; 2.55)−1.41 (−5.20; 2.39) 12-months11.7 (9.1)14.1 (10.1)−1.27 (−4.25; 1.70)−2.15 (−5.39; 1.09) Overall effect^a^−1.10 (−3.60; 1.40)−2.30 (−5.75; 1.16)2 h-insulin (μU/L) Baseline70.7 (49.9)60.8 (36.8) 6-months63.0 (56.9)52.4 (37.7)1.16 (−17.21; 19.52)−0.80 (−19.82; 18.22) 12-months67.9 (47.4)65.3 (54.5)−0.54 (−23.38; 22.48)−2.89 (−26.49; 20.71) Overall effect^a^0.65 (−15.50; 16.80)1.86 (−13.59; 17.31)Fasting glucose (mmol/L) Baseline4.7 (0.4)4.7 (0.3) 6-months4.8 (0.4)4.8 (0.3)0.03 (−0.11; 0.16)0.02 (−0.13; 0.16) 12-months4.8 (0.4)4.9 (0.3)−0.06 (−0.19; 0.08)−0.01 (−0.13; 0.12) Overall effect^a^−0.04 (−0.16; 0.08)−0.02 (−0.14; 0.10)2 h-glucose (mmol/L) Baseline6.0 (1.2)5.6 (1.1) 6-months5.4 (1.1)5.1 (1.0)−0.02 (−0.47; 0.42)−0.02 (−0.51; 0.47) 12-months5.8 (1.1)5.3 (1.4)0.32 (−0.24; 0.87)0.29 (−0.32; 0.89) Overall effect^a^0.35 (−0.06; 0.77)0.35 (−0.07; 0.76)HDL-cholesterol (mmol/L) Baseline1.1 (0.3)1.0 (0.2) 6-months1.2 (0.3)1.1 (0.2)0.04 (−0.02; 0.11)0.04 (−0.03; 0.11) 12-months1.2 (0.3)1.2 (0.3)−0.07 (−0.17; 0.04)−0.04 (−0.14; 0.07) Overall effect^a^0.07 (−0.03; 0.17)0.09 (−0.02; 0.20)Triglycerides (mmol/L) Baseline1.0 (0.6)1.0 (0.5) 6-months1.1 (1.0)1.0 (0.5)0.09 (−0.14, 0.31)0.04 (−0.15, 0.22) 12-months1.2 (0.9)1.1 (0.7)0.09 (−0.18, 0.35)0.04 (−0.22, 0.29) Overall effect^a^0.09 (−0.18, 0.37)0.06 (−0.17, 0.29)HOMA-IR Baseline2.9 (2.0)3.1 (2.1) 6-months2.5 (2.0)2.8 (2.4)−0.17 (−0.96; 0.61)−0.26 (−1.11; 0.59) 12-months2.5 (2.0)3.1 (2.4)−0.33 (−1.02, 0.37)−0.44 (−1.17, 0.30) Overall effect^a^−0.31 (−1.11; 0.49)−0.52 (−1.28; 0.25)Adjusted models corrected for baseline, sex, ethnicity, and economic status*Abbreviations*: *CI* confidence interval, *SD* standard deviation, *SDS-BMI* standard deviation of body mass index, *SDS-waist circumference*standard deviation of waist circumference, *HDL* high-density lipoprotein, *HOMA-IR* homeostasis model assessment for insulin resistance^a^Overall effect can be interpreted as the average difference over time between the two treatment groups

### Secondary outcomes {#Sec13}

Statistically significant improvements were seen after one year of treatment compared with baseline in both treatment groups in SDS-waist circumference, diastolic blood pressure and HDL-cholesterol. In the short-stay group, systolic blood pressure improved statistically significantly in comparison with baseline as well.

In the crude and adjusted GEE, no statistically significantly differences in secondary outcomes between the short-stay and long-stay groups were found at any point in time (Table [2](#Tab2){ref-type="table"}).

Analyses stratified by sex {#Sec14}
--------------------------

### Primary outcome {#Sec15}

Sex was identified as an effect modifier. The course of SDS-BMI over time for boys and girls in the short-stay group followed the same course as described under the intention-to-treat analyses. However, in the long-stay group, SDS-BMI in boys decreased even further in the second six months of treatment, whereas girls showed an increase in SDS-BMI.

Results of the crude and adjusted GEE stratified by sex are reported in Tables [3](#Tab3){ref-type="table"} (boys) and [4](#Tab4){ref-type="table"} (girls). Only for girls, SDS-BMI of participants in the short-stay group was higher compared with the long-stay group after six months of treatment, (adjusted models β = 0.20, 95 % CI 0.07; 0.33). After one year of treatment, there was no statistically significant difference in SDS-BMI between the two treatment groups for either sex.Table 3Effects on outcomes after six and 12 months of follow-up for both treatment groups according to the intention-to-treat principle, boys onlyShort-stayLong-stayCrudeAdjustedMean (SD)Mean (SD)Beta (95 % CI)Beta (95 % CI)Primary outcome measureSDS-BMI Baseline3.7 (0.4)3.7 (0.4) 6-months3.4 (0.6)3.1 (0.7)0.25 (−0.03; 0.52)0.23 (−0.07; 0.53) 12-months3.4 (0.7)2.9 (0.8)0.34 (−0.09; 0.77)0.31 (−0.14; 0.76) Overall effect^a^0.25 (−0.15; 0.64)0.26 (−0.15; 0.67)Secondary outcomesSDS-waist circumference Baseline3.5 (0.4)3.3 (0.3) 6-months3.0 (0.7)2.6 (0.6)0.10 (−0.35; 0.55)0.05 (−0.39; 0.48) 12-months3.0 (1.0)2.4 (0.9)0.12 (−0.48; 0.72)0.01 (−0.57; 0.60) Overall effect^a^0.40 (−0.03; 0.83)0.40 (−0.06; 0.86)Systolic blood pressure (mmHg) Baseline124.3 (15.0)125.1 (14.0) 6-months122.0 (18.7)120.2 (11.9)3.34 (−5.35; 12.03)4.31 (−3.56; 12.19) 12-months122.1 (12.3)123.3 (14.4)−1.46 (−9.12; 6.20)0.45 (−6.74; 7.64) Overall effect^a^0.52 (−9.22; 10.25)2.04 (−8.27; 12.36)Diastolic blood pressure (mmHg) Baseline77.7 (11.0)80.9 (9.2) 6-months64.4 (8.0)68.2 (10.0)−1.61 (−8.46; 5.24)−2.91 (−9.17; 3.35) 12-months69.4 (8.3)66.5 (11.7)5.28 (−0.21; 10.76)3.86 (−2.23; 9.94) Overall effect^a^−0.73 (−7.66, 4.06)−1.80 (−7.66, 4.06)Fasting insulin (μU/L) Baseline15.3 (7.7)16.2 (13.2) 6-months12.4 (12.6)11.8 (11.0)0.78 (−4.44; 6.00)0.73 (−4.54; 6.00) 12-months11.1 (5.8)14.4 (13.8)−0.82 (−4.84; 3.20)−1.15 (−5.06; 2.76) Overall effect^a^−0.58 (−7.69; 6.53)0.14 (−6.93; 7.22)2 h-insulin (μU/L) Baseline75.4 (50.2)53.3 (34.6) 6-months64.5 (68.2)38.6 (20.2)13.21 (−21.43; 47.84)14.30 (−18.69; 47.29) 12-months65.1 (41.3)62.7 (33.8)2.81 (−14.94; 20.56)3.47 (−16.01; 22.96) Overall effect^a^21.31 (−7.19; 49.81)22.60 (−5.09; 50.30)Fasting glucose (mmol/L) Baseline4.6 (0.2)4.8 (0.4) 6-months4.8 (0.3)4.7 (0.3)0.14 (−0.05; 0.34)0.14 (−0.05; 0.34) 12-months4.7 (0.3)5.0 (0.2)−0.16 (−0.36; 0.04)−0.17 (−0.36; 0.02) Overall effect^a^−0.14 (−0.31; 0.03)−0.10 (−0.25; 0.06)2 h-glucose (mmol/L) Baseline6.3 (1.1)5.7 (0.9) 6-months5.7 (1.5)4.9 (0.9)0.43 (−0.47; 1.33)0.48 (−0.39; 1.34) 12-months5.6 (0.9)6.0 (1.1)−0.40 (−1.06; 0.27)−0.43 (−1.14; 0.29) Overall effect^a^0.42 (−0.26; 1.10)0.49 (−0.25; 1.23)HDL-cholesterol (mmol/L) Baseline1.1 (0.3)1.0 (0.2) 6-months1.1 (0.4)1.1 (0.2)−0.08 (−0.18; 0.13)−0.08 (−0.19; 0.03) 12-months1.2 (0.5)1.2 (0.4)−0.08 (−0.27; 0.11)−0.07 (−0.28; 0.15) Overall effect^a^0.05 (−0.17; 0.28)0.08 (−0.13; 0.29)Triglycerides (mmol/L) Baseline1.0 (0.5)1.2 (0.7) 6-months1.1 (0.7)1.1 (0.7)0.13 (−0.30, 0.56)0.06 (−0.31, 0.44) 12-months1.4 (0.9)1.4 (0.9)−0.06 (−0.51, 0.63)−0.04 (−0.56, 0.48) Overall effect^a^−0.10 (−0.56, 0.36)−0.10 (−0.52, 0.33)HOMA-IR Baseline3.1 (1.5)3.5 (3.0) 6-months2.7 (2.7)2.5 (2.4)0.40 (−0.77; 1.58)0.37 (−0.80; 1.54) 12-months2.3 (1.2)3.3 (3.3)−0.17 (−1.05, 0.72)−0.27 (−1.12, 0.59) Overall effect^a^−0.30 (−1.87; 1.28)−0.12 (−1.68; 1.44)Adjusted models corrected for baseline, ethnicity, and socio economic status*Abbreviations*: *CI* confidence interval, *SD* standard deviation, *SDS-BMI* standard deviation of body mass index, *SDS-waist circumference* standard deviation of waist circumference, *HDL* high-density lipoprotein, *HOMA-IR* homeostasis model assessment for insulin resistance^a^Overall effect can be interpreted as the average difference over time between the two treatment groupsTable 4Effects on outcomes after 6 and 12 months of follow-up for both treatment groups according to the intention-to-treat principle, girls onlyShort-stayLong-stayCrudeAdjustedMean (SD)Mean (SD)Beta (95 % CI)Beta (95 % CI)Primary outcome measureSDS-BMI Baseline3.3 (0.3)3.3 (0.3) 6-months3.0 (0.5)2.8 (0.5)**0.19 (0.06; 0.31)0.20 (0.07; 0.33)** 12-months3.0 (0.5)3.0 (0.6)0.06 (−0.16; 0.28)0.07 (−0.14; 0.28) Overall effect^a^0.08 (−0.14; 0.30)0.06 (−0.17; 0.30)Secondary outcomesSDS-waist circumference Baseline3.0 (0.3)3.0 (0.3) 6-months2.6 (0.4)2.5 (0.5)0.10 (−0.05; 0.25)0.10 (−0.06; 0.26) 12-months2.6 (0.6)2.6 (0.6)−0.03 (−0.27; 0.22)−0.07 (−0.28; 0.15) Overall effect^a^0.05 (−0.15; 0.26)−0.00 (−0.22; 0.22)Systolic blood pressure (mmHg) Baseline122.0 (11.2)118.7 (12.6) 6-months115.2 (11.5)114.3 (14.1)−2.25 (−6.63; 2.13)−2.39 (−6.75; 1.96) 12-months117.3 (10.9)117.9 (15.9)−3.71(−9.22; 1.81)−4.17 (−10.08; 1.74) Overall effect^a^1.32 (−4.84; 7.49)−0.27 (−6.22; 5.68)Diastolic blood pressure (mmHg) Baseline74.8(9.5)76.3 (13.6) 6-months70.2 (7.5)68.4 (12.2)2.31 (−1.52; 6.13)1.94 (−2.19; 6.07) 12-months68.3 (8.3)67.5 (12.5)1.28 (−3.24; 5.80)0.68 (−4.19; 5.55) Overall effect^a^−0.32 (−5.57, 4.92)−0.56 (−5.86, 4.75)Fasting insulin (μU/L) Baseline13.2 (10.0)13.6 (6.4) 6-months11.7 (7.8)13.6 (10.9)−2.18 (−6.87; 2.51)−3.21 (−8.78; 2.37) 12-months11.9 (10.2)13.9 (7.2)−1.68 (−5.66; 2.30)−3.21 (−7.96; 1.55) Overall effect^a^−1.42 (−5.32; 2.48)−3.68 (−6.88; 0.48)2 h-insulin (μU/L) Baseline68.7 (50.5)65.5 (38.0) 6-months62.3 (52.9)60.6 (43.5)−6.39 (−28.67; 15.90)−7.93 (−31.08; 15.22) 12-months68.9 (50.4)67.0 (65.4)−2.70 (−37.22; 31.81)−4.80 (−38.42; 28.82) Overall effect^a^0.16 (−32.31 21.64)−10.37 (−27.09; 6.36)Fasting glucose (mmol/L) Baseline4.8 (0.4)4.7 (0.2) 6-months4.8 (0.4)4.8 (0.4)−0.05 (−0.23; 0.12)−0.09 (−0.28; 0.10) 12-months4.8 (0.4)4.8 (0.3)0.01 (−0.15; 0.17)0.06 (−0.09; 0.22) Overall effect^a^0.01 (−0.15; 0.16)0.02 (−0.13; 0.17)2 h-glucose (mmol/L) Baseline5.9 (1.3)5.6 (1.2) 6-months5.2 (1.0)5.3 (1.1)−0.26 (−0.77; 0.25)−0.23 (−0.80; 0.34) 12-months5.8 (1.2)4.9 (1.4)0.73 (−0.01; 1.48)0.71 (−0.11; 1.54) Overall effect^a^0.34 (−0.18; 0.87)0.21 (−0.24; 0.66)HDL-cholesterol (mmol/L) Baseline1.1 (0.2)1.0 (0.2) 6-months1.2 (0.2)1.1 (0.2)**0.11 (0.03; 0.19)0.11 (0.03; 0.19)** 12-months1.2 (0.2)1.2 (0.3)−0.07 (−0.18; 0.05)−0.03 (−0.14; 0.09) Overall effect^a^0.08 (−0.02; 0.18)0.10 (−0.01; 0.21)Triglycerides (mmol/L) Baseline1.0 (0.6)0.9 (0.3) 6-months1.1 (1.1)0.9 (0.3)−0.01 (−0.24, 0.21)−0.05 (−0.25, 0.15) 12-months1.1 (1.0)0.9 (0.3)0.08 (−0.16, 0.32)0.03 (−0.19, 0.25) Overall effect^a^0.22 (−0.09, 0.54)0.11 (−0.13, 0.36)HOMA-IR Baseline2.8 (2.3)2.9 (1.4) 6-months2.5 (1.7)2.9 (2.4)−0.49 (−1.53; 0.55)−0.73 (−1.96; 0.51) 12-months2.5 (2.2)3.0 (1.6)−0.40 (−1.31, 0.51)−0.63 (−1.72, 0.46) Overall effect^a^−0.29 (−1.13; 0.55)−0.75 (−1.46; 0.04)Adjusted models corrected for baseline, ethnicity, and socio economic status*Abbreviations*: *CI* confidence interval, *SD* standard deviation, *SDS-BMI* standard deviation of body mass index, *SDS-waist circumference* standard deviation of waist circumference, *HDL* high-density lipoprotein, *HOMA-IR* homeostasis model assessment for insulin resistance^a^Overall effect can be interpreted as the average difference over time between the two treatment groups

### Secondary outcomes {#Sec16}

Analyses stratified by sex showed statistically significant improvements in SDS-waist circumference, diastolic blood pressure and HDL-cholesterol after one year of treatment compared with baseline.

For girls there was a statistically significant difference in HDL-cholesterol between the short-stay and long-stay group after six months of follow-up (adjusted models β = 0.11, 95 % CI 0.03; 0.19). There were no statistically significant differences in secondary outcomes between the treatment groups after one year of treatment after stratification by sex as demonstrated by the crude and adjusted GEE (Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}).

Additional analyses {#Sec17}
-------------------

### Waiting-list group {#Sec18}

During the waiting list period, mean (SD) SDS-BMI increased from 3.55 (0.31) to 3.61 (0.53) in the year prior to the start of treatment, but this was not statistically significant (Fig. [2](#Fig2){ref-type="fig"}).

The crude and adjusted GEE showed that the SDS-BMI of participants in the short-stay group and long-stay group was statistically significantly lower (0.32, 95 % CI −0.43; −0.21 and 0.49, 95 % CI −0.62; −0.36, respectively) after one year of treatment compared with the waiting-list group.

There was a statistically significant improvement in SDS-waist circumference, systolic- and diastolic blood pressure, fasting insulin, HDL-cholesterol, and HOMA-IR after one year of treatment in the two treatments groups in comparison with the waiting-list group (data not shown).

#### Per protocol and complete case analyses {#FPar1}

In the additional analyses the course of SDS-BMI over time followed the same course in the per protocol analyses as in the intention-to-treat analyses.

After one year of treatment, there was no statistically significant difference in SDS-BMI between the two treatment groups (data not shown).

There were statistically significant improvements in both treatment groups in SDS-waist circumference, diastolic blood pressure and HDL-cholesterol after one year of treatment compared with baseline. In the short-stay group, systolic blood pressure improved statistically significantly in comparison with baseline as well. Additionally, in the per protocol analyses, in the short-stay group also fasting insulin, 2h-glucose and HOMA-IR improved statistically significantly.

In the complete case analyses, after one year of treatment there were no statistically significant differences between the treatment groups in any of the secondary outcomes; in the per protocol analyses there was a statistically significant difference between the treatment groups in HDL-cholesterol (data not shown).

Discussion {#Sec19}
==========

In this randomized controlled trial, two intensive lifestyle treatments for severely obese children and adolescents with varying inpatient periods (two or six months) were compared. Both treatments showed statistically significant improvements in SDS-BMI and cardiometabolic risk factors after treatment compared with baseline. However, after one year of treatment, there were no statistically significant differences in SDS-BMI or cardiometabolic risk factors between the two treatment groups. In an additional analysis, it was shown that SDS-BMI and cardiometabolic risk factors of participants in both treatment groups improved statistically significantly after one year of treatment compared with participants in a waiting-list controlgroup.

The decreases in SDS-BMI that were observed in this study correspond to an average (SD) weight-loss of 8.1 (14.3) kg in the short-stay and 12.6 (13.6) kg in the long-stay group, which is generally considered a clinically relevant improvement \[[@CR37]\]. The children in this study were referred to the specialized childhood obesity center because they did not respond to treatment in an ambulatory setting. This study shows that even in this children considerable weight loss can and improvement in cardiovascular risk be achieved.

Many of the participants' parents were of Non-Western origin and had a lack of proficiency in the Dutch language which complicated treatment in some cases due to communication problems. Despite this, considerable improvements in SDS-BMI were achieved. Also, a relatively high percentage of the participants came from single-parent families and had a low SES background which can be considered a less favorable home environment to retain weight loss. However, our results showed that weight reductions achieved after the intensive inpatient treatment period in the first six months were on average maintained in the second half of the year when only monthly follow-up visits were provided \[[@CR42]--[@CR44]\].

Ambulatory obesity treatment often seems far less effective for severely obese children in comparison with children and adolescents with a lesser degree of obesity \[[@CR26]--[@CR28], [@CR45]\]. Therefore, an inpatient treatment seems more appropriate for these children and adolescents \[[@CR30]\]. An inpatient setting provides a more supportive environment than ambulatory obesity treatment where children often have to deal with a less supportive home environment every day. The large decrease in SDS-BMI we observed might therefore be explained by the extensive inpatient period in the treatments in our study. During the past decades in the Netherlands several studies have evaluated the effects of treatments for children and adolescents with (severe) obesity. Most of these studies, however, evaluated ambulatory treatment programs and included populations that consisted of a combination of obese and severely obese participants. A Dutch study by Hofsteenge et al. among severely obese children that were on average less obese than the participants followed in our study, showed that SDS-BMI after 18 months of treatment was statistically significantly lower in the intervention group than in the control group. However, this effect was only observed in obese adolescents from Western origin and not in those of Non-Western origin \[[@CR46]\].

Another Dutch study by Vos et al. followed a group of severely obese children and adolescents receiving ambulatory obesity treatment for three months \[[@CR47]\]. Directly after treatment, SDS-BMI had decreased and after one year of follow-up in which 2--3 refresher sessions were offered, SDS-BMI decreased even further \[[@CR47]\]. The decrease in SDS BMI after one year was comparable to the decrease in SDS-BMI in our study after six months after which SDS-BMI stabilized. Only among boys in the long-stay group we also found a further decrease in SDS BMI in the second half year. A possible explanation for this difference in favor of severely obese boys, could be that puberty may contribute to a more beneficial weight development in boys \[[@CR48]\].

The only other study by van der Baan et al. in the Netherlands that also evaluated treatment with an inpatient period of six months among severely obese children using the same inclusion criteria as our study, showed a decrease in SDS-BMI after six months that was comparable with our study. However, this study showed a slight increase in SDS-BMI in the second half year of follow-up \[[@CR30]\]. This might be due to the fact that there were no return visits after the six-month inpatient period.

Research among severely obese children and adolescents is relatively rare. The few studies performed in the Netherlands and other countries show that among severely obese adolescents, improvements in SDS-BMI during obesity treatment can be maintained during follow-up \[[@CR49]\]. However, sustained behavior change is a difficult and complex process. Therefore, it is important to also have sufficient support available for parents and children after the most intensive treatment period to maintain learned changes. Regular return visits or refresher sessions seem essential to prevent relapse.

Strengths and limitations {#Sec20}
-------------------------

This study has several strengths. First, it is unique with regard to the intensity of the treatments studied, since most lifestyle treatments for severely obese children and adolescents do not include an inpatient period. Moreover, although the duration of treatment was long with one year, this did not result in a high attrition rate; only 12 participants (15 %) dropped out of treatment. Compared to other studies evaluating the effects of obesity treatment in adolescents this dropout is rather small \[[@CR46]\]. Because participants will go back to their home environment after treatment, it is very important that the family of the participants is involved in the treatment. Therefore, a second strength of this study is that not only the participants were involved in the treatment, but that the treatment was family-based with active parental participation. Finally, both treatment groups were compared to a waiting-list controlgroup. Therefore, this study not only gives insight into the effects of the intensive treatments compared to each other, but also as compared with a waiting-list condition during which the children received usual care.

There are several limitations as well. The treatments pose a high burden on the participating families. The frequent visits resulted in high time investments for parents and associated time costs. Moreover, parents/caregivers often needed to take time off from work to participate in treatment resulting in productivity losses. In addition, children were placed in an environment completely new to them and were away from their families, home, school and friends for an extended period of time, especially in the long-stay group. Another limitation is that, although a waiting-list group was included, data were available for only 16 participants as four participants in the waiting list condition dropped out of the study. Due to practical reasons, we were unable to recruit more participants into the waiting-list group prior to treatment.

Implications {#Sec21}
------------

To ensure long-term maintenance of weight-loss after intensive treatment, continuous monitoring and periodic intensive return visits seem essential. Treatment in specialized childhood obesity centers is costly and poses a high burden to families and care-givers, so preferably long-term treatment is organized in the home environment making it more feasible and less expensive than long-term treatment in specialized childhood obesity centers. It is important that the organization and transfer of treatment from an inpatient setting to an ambulatory setting is prepared carefully, to ensure that participants are not lost to follow-up and receive the right kind of continuous treatment. Special attention to attrition from the continuous treatment in the ambulatory setting is needed.

Conclusions {#Sec22}
===========

No statistically significant differences in SDS-BMI were found between the short-stay and long-stay inpatient segments during one year of treatment. However, both treatments resulted in statistically significant improvements in comparison with baseline and were statistically significantly more effective than a waiting list condition.

Based on these results, we recommend implementation of the short-stay treatment because of the lower burden for the participating families and the lower costs of treatment. However, whether this treatment should be implemented on a wider scale depends on whether the effects of the inpatient treatment in comparison with usual care are sustained over a longer period of time.
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